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ELECTRICAL AWD OPTICAL STUDY OF SEMICONDUCTOR LASER DIODES AND MATERIALS 
BY 
Sachari a A1 b i  n* 
SUmARY 
Diode laser  array characterization was completed d u r i n g  the award 
period. The pertinent r e su l t s  of each experimental study are  summarized 
bel ow. 
The 2-D array froin McDonald Douglas consisted of 8 l inear  arrays of 
approximately 11 mm x 0.18 mm. 
mm. 
de t a i l s  are given i n  the attached experimental report number one. 
Each array has between 7 and 8 diodes per 
The threshold current fo r  th i s  2-D array i s  around 15 amps. More 
Next, the power output vs drive current (above threshold) of the array 
was measured. 
experimental report nunber two. 
drive current of 26 amps. 
The measurement procedures and r e su l t s  are described i n  
A peak power of 50 W was obtained a t  a 
The report  of experiment number three describes i n  de ta i l  the experi- 
ment carried o u t  t o  measure the f a r  f ie ld  pattern o f  the 2-D array. 
f ie ld  has a double lobe pattern. 
The f a r  
Results o f  this study were presented a t  the Vi rg in i a  Academy of Sci- 
ences Meeting, May 1987. 
-A- - 
*Associate Professor, Department of Electrical and Computer Engineering, Old 
Dominion University, Norfolk, VA 23508. 
EXPERl M E M  ONE 
DIODE LASER ARRAY CHARACTERISTICS 
PERFORt lED BY 
ADDISON INGE 
JAMES NEW 
1/21/87 
ORIGTNAL PA& IS 
OF POOR gUALWX INTRODUCTION 
PURPOSE 
The objective of experiment one i s  to measure the area o f  
the diode laser array and approximate how many single laser diodes 
this area consist of. 
PROBLEM 
The diode laser array system i s  illustrated in  figures one 
and two below. Figure one illustrettes the current supply f o r  the arm! 
system and figure two illustrates the diode array mount with the 
appropriate water coolant and nitrogen lines. The yellow tubing 
contains nitrogen gas, which prevents condensation from forming on 
the array. The two clear lines are the water coolant system lines. 
An infared camera i s  t o  be positioned i n  front of  the array. This w i l l  
allow for an approximation of  the array's area using CI metric r u l e r  
taped t o  the front o f  it. The number o f  individual light emmissions 
per mill imeter per bar i s  t o  be approximated also. 
EXPERIMENTAL RESULTS 
STEP 1: The camera was positioned in front of the diode laser 
array and positioned so as t o  see the array on the 
camera monitor. 
STEP 2: A ruler was taped t o  the front of the array and 
positioned a t  a reference point so the length and 
height could be measured. The measurements were 
read from the camera monitor and was found to  be 
1 1 mm by 0.18mm. 
STEP 3: Rough calculations of the number of diodes per mm 
were made a t  a current not exceeding 2 Amps. 
A strong background white light source was directed 
on t o  the array in  order t o  see the individual sources 
of laser l ight  generated by each of the 8 one 
dimensional arrays which make up the array. The 
number o f  diode l ight  emiss ions  per rnrn was e s t i m a t e d  
between 7 and 8. The l ight emissions visualized a t  
2 Amps were essentially in  the LED characteristic 
range of the diode laser. The threshold current fo r  
this particular array i s  approximately 15 Amps. 
Any measurements taken a t  currents below this 
threshold current w i l l  be LED emissions. The 
measurements taken are illustrated i n  figure 1 below. 
LASER &RRAY 
FIGURE ONE 
LIST OF EQUIPMEM 
1.  McDonald Douglas Semiconductor Diode Array 
a. Array 
b. Array mount 
c. Power supply 
2. RCA TY Camera and monitor 
Model 2000 
12.5 - 75 mm zoom lens 
3. Coolant system 
4. Nitrogen gas system 
I 
CONCLUSION 
It was observed that approximately 7 to  8 diodes per mm per 
bar existed. Although these light emmissions appeared t o  be single 
laser diodes, in  rea l i t y  each single emmission may represent an 
indeterminate number of smaller emmissions grouped t o  appear as 
one. Since no information was provided with this array, i t  i s  not 
possible t o  determine the actual number of single diode lasers per 
bar w i th  this information. 
The area of  the array was measured t o  a close approximation 
of the area suggested by the array manufacturer. Tha area was 
approximated t o  be 0.2 square centimeters. 
, 
EXPERIMENT 2 
DIODE LASER ARRAY 
CHARACTERISTICS 
PERFORMED BY 
ADDISON INGE 
JAMES NEW 
1 / 28 / 87 
I NT R 0 DUCT I ON 
PURPOSE 
The objective of this experiment is to  obtain the 
peak power output o f  the semiconductor diode laser array. 
PROBLEM 
The diode array consist of  two parts; the array mount 
and a current supply. The diode i s  configured in the mount 
as i l lustrated in figure 1. 
FRONT VIEW 
FIGURE ONE 
The dimensions o f  the array was found to  be approximately 
1 1 rnm by 0.18mm. The array mount also holds the coolant 
lines used t o  control the operating temperature of the array. 
The array consist o f  8 one dimensional arrays stacked on top 
of each other.  
The current  supply, supplied with the array,  features 
a digital  display f o r  the cur ren t  being suuplied t o  the ar ray  
and the temperature  i n  degrees  Celsius. The pulse width and 
repet i t ion rate of the cur ren t  supply can be controlled as 
illustrated in f igure 2. 
The coolant system cons i s t  of a refr igerat ion u n i t  
w i t h  an electric pump. The controoller is a RTE-4 c i rcu la tor  
which a l lows  f o r  room tempera ture  or re f r igera ted  w a t e r  
flow. Nitrogen gas  is also supplied to the array a s  i l l u s t r a t ed  
in  f igure  3. The yellow tubing shown in the picture is the 
nitrogen and the 2 clear l ines  are the  w a t e r  coolant lines. I 
The only characteristics provided w i th  the array 
i s  i t s  maximum output power and i t s  area which i s  1 SO 
Watts and 0.2 sq. cm, respectively. A method for obtaining 
the peak output power i s  accomplished with a power 
energy detector and a photodiode detector. The average 
power i s  obtained wi th  the power detector and the pulse 
width i s  determined wi th  the photodiode. The circuit 
configuration of the photodiode detector i s  shown i n  
figure 4. 
I 
51 
I I 
FIGURE 4 
The average power i s  related to  the peak power 
by the following relationship, 
( 1)  P(peak)= P(average)/ tN, 
where t i s  the pulse width and N i s  the number of pulse 
widths per second. N can be adjusted using the rep r a t e  
control of the current supply. 
LIST OF EQUIPMENT 
1 .  RCA TV Zoom lens camera and monitor 
Model 2000 
12.5 - 7Smm lens 
2. Scientech Power Energy Detector 
Model 360001 
3. Textroni x Osci 11 i scope 
Model 485 
4. PIN Silicon Photodiode Detector 
5. Water coolant system and Nitrogen bott le 
6. McDonald Douglas Semiconductor Diode Laser 
Array System (includes power supply) 
7. Scientech Power Energy Meter 
Model 362 
EXPERIMENTAL RESULTS 
STEP 1: Turned on coolant system and obtained an 
operating temperature of 18 degrees celsius. 
STEP 2: The power energy detector was configured i n  
front of  the diode array and the power meter 
was set on the 0.1 range setting. 
STEP 3: The diode array current supply was set t o  zero 
and turned on. The current was slowly brought 
up t o  the threshold current of 15 Amps and 
measurements were then taken ranging the power 
from 0.01 t o  0.1 Watts i n  .01 increments. A t  
each of  the values of  power, the current was 
measured and tabulated. 
STEP 4: Since the average power was measured using 
the method o f  step 3, i t  was then necessary t o  
obtain the pulse width i n  order t o  calculate the 
peak power using equation 1. The rep r a t e  was 
set t o  10 reps per second. The PIN silicon detector 
was connected t o  the oscilliscope and the time 
delay was set f o r  50 microseconds per division. 
The pulse width was found t o  be approximately 
200 microseconds regardless o f  the distance 
of the detector from the array, although the 
magnitude of the pulse did vary wi th  distance. 
STEP 5: From this information, the peak output power 
of the array could he calculated. The peak power 
'uvas found, using equation 1, to  be approximatsly 
50 Watts at a current o f  26 Amps. 
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CONCLUSION 
Within this experiment, i t  was determined that the 
peak power of the diode array i s  SO Watts a t  a current of 
26.5 Amps. The average power was obtained w i th  a power 
energy detector and was found to be 0.1 Watts a t  26.5 Amps. 
The pulse width was found t o  be 200 microseconds by means 
of a photodiode detector and an oscilliscope. From the 
foi l  owing relationship, 
P(peak)= P(average)/(pulse width)(rep rate), 
the peak power was calculated. The rep rate was set t o  
10 pulses per second. The temperature was maintained 
a t  18 degrees Celsius throughout the experiment. 
EXERMEHT THREE 
DIOI3E LASER ARRAY CHARACIXRISTICS 
PEBFOBED BY 
ADDISON INQZ 
JAMES NEY 
MACK HASEMIAN 
3 / 2 / 8 7  
ROWCl' ION 
PURPOSE 
The objective of experbent  3 is to measure the f ield pattern of the 
diode laser a r r ay  a t  various distances f r o m  the  a m y .  
PROBLEM 
Measurements will be taken a t  rar ious (3) posit ions f r o m  the  a m y  
The current supplied to the a m y  w i l l  be 
The ver t ica l  posit ion of t he  photodiode 
using a photodiode detector.  
approximately 24 Amps a t  18 C. 
will be varied 3 posi t ions above and below the  horizontal posi t ion 
corresponding to  the  center of  the a m y .  
posi t ion,  a fhll  180 angle (9 to -90) w i l l  be swept o u t  and the  in t ens i ty  
o f  the diode a r r ay  will be plo t ted  using an X-Y recorder. 
i l l u s t r a t e s  the experimental equipment outlined above. F i e =  two shows 
t he  X-Y recorder used f o r  these neasurenents. 
A t  each horizontal and ve r t i ca l  
Figure one 
0RImAE PKm IS 
OF POOR QUALITY 
The detector is mounted on two shor t  lengths of  threaded rod at tached to 
an aluminum ana. 
underneath the a m y  which c o n t m l s  a precision potentiometer. 
iometer is connected to the  X-Y recorder by means of a dc voltage supply. 
As the  a m  is swept fmm one s ide  to the next # it will show up as 
movement i n  the X di rec t ion  on the recorder. 
The aluminum ann is connected to pivot  point centered 
The potent- 
The photodiode detector is first channeled through an attenuator 
and then muted to a PAR MODIG 117 differential.pmamplifier, illustrated 
1-n figure three above. 
in ampl i f ie r  and comected to the X-Y recoder. 
shown in figure four, the  in t ens i ty  of the a r r a y  will show up as changes 
i n  the  Y direct ion.  
The signal is then taken fmm a PAR MODEL 124 lock- 
Fmm this configuration, 
The array will be opexated a t  24 Amps curren t  a t  18 C. 
LIST OF EQUIPHENT 
1 .  PAR MODEX D I F F E R W l " T  AnPLIFlER 
(connected to detector channel A- 100H 
SIGNAL CHAHNEL 
, 20pf) 
Sensit ivity - 5 
Mode - Band Pa68 
Freq~mcy - 1.55( l o )  He 
Q - 2(lO%NBU) 
T M  CQNSTA" - 100m~ 
2. PAR MODEL 124 UM-IN AWPLIFlEB (WS to 21OkH~) , 
REFEBNCX CHANNEL 
Frequency - 1 .OO( 10) Hs 
Level - 0 vol ts  nus 
Phase - 180 
CALIBRATOR - 9 nVolts 
3. HE--PACKARD MODEL 7044~ x-Y RECORDER 
Y - d l w t i o n  (input f r o m  PAR MOIEL 124 LOCK-IN AMPLIFIER) 
Polarity - +up 
Range - i m V / i n .  
X-direction (input f r o m  precision potentiometer) 
Polarlty - +right 
h g e  - o.Epv/in. 
4. DIODE LASER ARRAY SYSFF24 
5.  HEwLETl' PACKARD ATTENUATOR/lldB MOIIEL 849A 
6.  HARRISON LABORATORIES MOIEL 865B RIVER SUPPLY ( supplies dc voltage 
f o r  the precision potentiometer, 2 3 Volts dc) 
7. l3ECKMAN MODEL TECH360 DIGITAL MULTIMETER (used to monitor the voltage 
which is related to the angle o f  the precision potentiometer) 
- 
8. LIQUID WATER COOLANT SYSTEM 
9. NITROGEN GAS (demoisturizer) 
The photodiode de tec to r  was positioned approximately 30.48 CIP from 
Measumnents were taken a t  the center  of the a r r a y  f r o m  -90 the a r ray ,  
degrees to +90 degrees. 
Four more measurenents were taken a t  t h e  same distance f r o m  t he  a r m y  but 
lower than the center l i n e  ly inch increments. 
This l i n e  is labeled 8: on graph one o f  t he  appendix. 
A- 
The maximum heights of t he  graph Hem then p lo t ted  with respec t  to 
v e r t i c a l  displacement. Graph two I l l u s t r a t e s  the  l e f t  s i d e  maximum values 
with respect to v e r t i c a l  position. 
o rde r  polynomial function which approximates the glven data. 
demonstrates t he  r i g h t  s i d e  maxigum values and graph f i v e  t h e  best f i t  
polynomial qua tion. 
Graph three shows the  best f i t  four th  
Graph f o u r  
Also derived f r o m  graph one is a contour map of t he  gain proflle 
with respect to vertical displacement. The different l e v e l s  are denoted 
i n  centlmeters as shown on the l e f t  side of graph one. The l i n e s  c u t t i n g  
the  gain p r o f i l e  correspond to the  layers shown on graph six. The solid 
colored l i n e s  represent a n  approximation of the l a y e r  to the  actual exper- 
imental value d the dashed, coloredllnes correspond to t he  draftsmans 
i n t e rp re t a t ion  of the p m f i l e .  
+ 
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